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1Table 1.2. Chemical properties of CO-RMs.
Abbreviations: Dimethyl sulfoxide (DMSO), myoglobin (Mb).


4Figure 4.2. Tetrapyrrole biosynthesis. The names of enzymes catalysing each step are shown in blue. The initial three steps involve formation of the 
first cyclic intermediate, urorporphyrinogen. Urorporphyrinogen III decarboxylase catalyses decarboxylation of four acetate residues resulting in 
corresponding methyl groups. Protoporphyrinogen IX is yielded by coproporphryinogen III oxidase which oxidatively decarboxylates the propionate 
side-chains. The final tetrapyrole shape is generated by oxidation of the ring by protoporphyrinogen IX oxidase. Insertion of iron into protoporphyrin 
IX is the last stage of haem biosynthesis. The information enabling the generation of this figure was sourced from Heinemann et al. (2008).
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bfd Bacterioferritin-associated ferredoxin -
entA 2,3-dihydro-2,3-dihydroxybenzoate dehydrogenase * * CRP+, Fur-
entB 2,3-dihydro-2,3-dihydroxybenzoate synthetase, isochroismatase * *
entC Isochorismate synthase 1 *
entE 2,3-dihydroxybenzoate-AMP ligase component of enterobactin 
synthase
* *
entF Enterobactin synthase multienzyme complex component * FNR+, Fur-, 
H-NS+
exbB Membrane-spanning proteins in TonB-ExbB-ExbD complex Fur-
exbD
fecI KpLE2 phage-like element; RNA polymerase, sigma 19 factor *
fecR KpLE2 phage-like element; transmembrane signal transducer for ferric 
citrate transport
* *
feoA Ferrous iron transport protein * FNR+, Fur-
fepA Outer membrane receptor for ferric enterobactin * CRP+, Fur-
fepB Iron-enterobactin transporter subunit Fur-
fepC ATP-binding component of ferric enterobactin transport Fur-
fepD Iron-enterobactin transporter subunit
fepG Ferric enterobactin transport protein *
fes Enterobactin/ferric enterobactin esterase * FNR+, Fur, 
H-NS+
fhuA Ferrichrome outer membrane transporter Fur-
fhuB Hydroxamate-dependent iron uptake
fhuC ATP-binding component of hydroxymate-dependent iron transport
fhuD Hydroxamate-dependent iron uptake
fhuE Outer membrane receptor for ferric iron uptake *
fhuF Ferric iron reductase involved in ferric hydroximate transport * Fur-, OxyR-
ftnA Ferritin iron storage protein Fur+, H-NS-
ryhB sRNA; reduces iron consumption under low-iron conditions Fur-
tonB Membrane-spanning protein in TonB-ExbB-ExbD complex Fur+/-
Figure 5.6. Differential expression of genes involved in iron transport and acquisition. The colour-scale bar shows mean fold changes in 
individual genes of the haem-deficient mutant of E. coli (hemA) and the corresponding wild type grown anaerobically in defined medium (modified for 
the growth of haem-deficient bacteria) after addition of 100 µM CORM-3 or, for the mutant only, 100 µM iCORM-3. Unless otherwise stated, p values 
were ≤ 0.05; * indicates a p value that exceeds 0.05.
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hscA DnaK-like molecular chaperone specific for 
IscU
-
hscB DnaJ-like molecular chaperone specific for 
IscU
*
iscA Fe-S cluster assembly protein IscR-
iscR DNA-binding transcriptional repressor *
iscS Cysteine desulfurase (tRNA 
sulfurtransferase)
iscU Scaffold protein
sufA Fe-S cluster assembly protein * Fur-, IHF+, IscR+, 
OxyR+sufB Component of SufBCD complex
sufC Component of SufBCD complex; ATP-
binding component of ABC superfamily
sufD Component of SufBCD complex
sufE Sulfur acceptor protein * *
sufS Selenocysteine lyase * *
ytfE Repair of damaged Fe-S clusters NarL+, NarP+,
FNR-, NsrR-
Figure 5.7. Differential expression of genes involved in Fe-S cluster assembly and repair. The colour-scale bar shows mean fold changes in 
individual genes of the haem-deficient mutant of E. coli (hemA) and the corresponding wild type grown anaerobically in defined medium (modified for 
the growth of haem-deficient bacteria) after addition of 100 µM CORM-3 or, for the mutant only, 100 µM iCORM-3. Unless otherwise stated, p values 
were ≤ 0.05; * indicates a p value that exceeds 0.05.
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baeS Sensory histidine kinase BaeR+, CpxR+
baeR DNA-binding response regulator
bhsA Multiple stress resistance and biofilm 
formation
* * * CRP-
bssR Regulator of biofilm formation -
bssS Regulator of biofilm formation -
clpB Protein disaggregation chaperone; heat 
shock protein
* * * -
cpxP Inhibitor of the cpx response CpxR+
hmp Fused nitric oxide dioxygenase * FNR-, Fur-,
NsrR-
hns Global DNA-binding transcriptional dual 
regulator
* * Fis+, GadX+, H-NS-
htpX Heat shock protein CpxR+
ibpA Heat shock chaperone * * IHF+
ibpB Heat shock chaperone
mdtA Multidrug efflux system; subunit A BaeR+, CpxR+
mdtB Multidrug efflux system; subunit B *
mdtC Multidrug efflux system; subunit C
oxyS sRNA; oxidative stress response * * OxyR+
spy Envelope stress protein BaeR+, CpxR+
yodA Divalent metal binding protein; Cd, Zn, Ni; 
general stress response
Fur+, SoxS+
znuA Zinc transporter; periplasmic-binding 
component
*   Zur-
znuB Zinc transporter; membrane component
znuC Zinc transporter; ATP-binding component
Figure 5.8. Differential expression of genes involved in general stress response, signal transduction and zinc homeostasis. The colour-scale bar 
shows mean fold changes in individual genes of the haem-deficient mutant of E. coli (hemA) and the corresponding wild type grown anaerobically in 
defined medium (modified for the growth of haem-deficient bacteria) after addition of 100 µM CORM-3 or, for the mutant only, 100 µM iCORM-3. 
Unless otherwise stated, p values were ≤ 0.05; * indicates a p value that exceeds 0.05.
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cysA Sulfate/thiosulfate transporter subunit * CysB+, H-NS-
cysB DNA-binding transcriptional dual regulator CysB-
cysC Adenosine 5'-phosphosulfate kinase * CysB+
cysD Sulfate adenylyltransferase; subunit 2 * *
cysE Serine acetyltransferase -
cysH 3'-phosphoadenosine 5'-phosphosulfate (PAPS) reductase * * CysB+, IHF+
cysI Sulfite reductase; beta subunit * *
cysJ Sulfite reductase; alpha subunit *
cysK Cysteine synthase A (O-acetylserine sulfhydrolase A) CysB+
cysM Cysteine synthase B (O-acetylserine sulfhydrolase B) * * * CysB+, H-NS-
cysN Sulfate adenylyltransferase; subunit 1 * CysB+
cysP Thiosulfate transporter subunit * CysB+, H-NS-
cysU(T) Sulfate/thiosulfate transporter subunit * CysB+, H-NS-
cysW Sulfate/thiosulfate transporter subunit * CysB+, H-NS-
cysZ Sulfate transport CysB+
sbp Sulfate transporter subunit; periplasmic sulfate-binding protein * -
cbl DNA-binding transcriptional activator of cysteine biosynthesis * * * CysB+
Figure 5.9. Differential expression of genes involved in cysteine biosynthesis and sulfate assimilation. The colour-scale bar shows mean fold 
changes in individual genes of the haem-deficient mutant of E. coli (hemA) and the corresponding wild type grown anaerobically in defined medium
(modified for the growth of haem-deficient bacteria) after addition of 100 µM CORM-3 or, for the mutant only, 100 µM iCORM-3. Unless otherwise
stated, p values were ≤ 0.05; * indicates a p value that exceeds 0.05.

10
Supplementary document for:
The Anti-Microbial Effects of Carbon Monoxide and Carbon Monoxide-Releasing Molecule-3 (CORM-3)
by
Jayne Louise Wilson
September 2012
